Supercoiling facilitates lac operator-repressor-pseudooperator interactions.
The binding affinity of the Escherichia coli lactose repressor to operator-containing plasmids was increased by negative supercoiling of the DNA. The increased affinities observed were dependent on the sequence context of the DNA as well as the degree of supercoiling. Dissociation rate constants for plasmids containing a single operator site decreased as a function of the negative supercoil density. However, the presence of pseudooperators in the plasmid DNA in addition to the primary operator sequence resulted in a significant decrease in the operator-plasmid dissociation rate at higher negative supercoil densities. Approximately eight ionic interactions were determined for both the supercoiled plasmids and the linear DNAs examined. These results suggest that the stabilization provided by the topology of supercoiled DNA affects the nonionic component of the protein-DNA interaction. The ability to form a ternary complex of protein with two DNA segments is increased by the presence of multiple operator-like sites on the DNA. Furthermore, supercoiling DNA with multiple operator-like sequences profoundly diminishes the dissociation rate and results in a remarkably stable ternary, presumably looped complex (t1/2 approximately 28 h). These data suggest a critical role in vivo for DNA topology and pseudooperator(s) in transcriptional regulation of the lac operon.